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ABSTRACT
Populations of the stylet nematode (Tylenchorhynchus m artin i 
Fielding, 1956, Nematoda, Phasmidia) in submerged Crowley silt loam 
soil were markedly reduced by m icrobial activity. Combined lab o ra ­
tory  data from soil and pure culture studies indicated that the p rim ary  
effect reducing populations of the nematode in submerged soil stemmed 
from increased numbers and enhanced antibiotic activity of Clostridium 
butyricum Prazmowski and was not due to a lack of oxygen. The nem a­
tode survived at prolonged periods (18 days) in a nitrogen atmosphere 
in vitro.
Relations between C. butyricum and T. m artini were studied in 
culture fluids and in Crowley silt loam soil supplemented with cornmeal 
and sucrose. There was no evidence of a parasitic  relationship. 
Nematodes were always free internally of bacteria , regard less  of 
their physiological condition. C. butyricum produced substances 
antibiotic to the nematode. Survival of T. m artin i in submerged Crowley 
silt loam soil was rela ted inversely  to the numbers of C. butyricum and 
was markedly depressed by supplements of cornmeal or sucrose to soil 
containing C. butyricum.
Metabolic products produced in artific ia l culture of Co butyricum 
were extracted and separated by steam distillation and partition chrom a­
tography. Only the volatile fatty acids (butyric, propionic, acetic and
ix
form ic) w ere active against T. m a rtin i .  Although nematode response 
was variab le , individual acids at those concentrations extracted  from  
a r tif ic ia l  culture requ ired  at le a s t  12 hours to inactivate T. m a rt in i  in 
w ater solutions. However, m ix tu res  of such acids containing butyric 
acid w ere m ore effective against T. m a rtin i  in water solutions and soil 
cu ltu res . M ixtures of acids containing butyric acid, of combined 
m o la r ity  equal to butyric acid alone, w ere m ore  effective than butyric 
acid alone. Effectiveness of acids in m ix tu res  in m ost cases  was r e ­
la ted  also to m olecular weights of the individual acid combinations.
The butyric and propionic acid com binations, for example, w ere m ore  
effective than butyric and form ic acid combinations.
The b as is  for the enhanced activity  of m ix tu res  of fatty acids 
against T. m artin i was undetermined; however such m ix tu res  m ay be 
of im portance in the biological control of nematodes in submerged r ice  
soil. The control of nematodes by C. butyricum  and its  response  to 
supplements of cornm eal and sucrose  indicate that this bacterium  
shares  a common dependence for increased  activity  upon soil organic 
m a tte r  with certa in  types of fungal p a ra s i te s  active against nem atodes.
x
INTRODUCTION
The complexity of soil and its dynamic m icrob ia l activity is in te r ­
esting in many aspec ts . This is  especially  true  when out of this complex 
can be derived a definable system  of in teraction  in which a m icrobe in ­
habitant lim its  the p resence  and activity of another m icroscopic organism  
through antibiotic or p a ras it ic  action. There is no doubt that conditions 
exist in soil which involve the de te rrm en t of the action of pathogenic 
o rgan ism s. Such in teractions, however, a re  usually detected or in ferred  
under a rt if ic ia l  conditionsa In this case the phenomenon in question was 
detected under natura l field conditions and its  analysis form s the basis  
of this work.
In 1955 Hollis and Fielding (19) observed that Tylenchorhynchus 
m artin i  Fielding (1956) populations could be co rre la ted  with m oistu re  
changes produced by periods of flooding in Crowley silt loam soil planted 
to r ic e .  Low num bers of nematodes occu rred  following periods when 
plots were flooded with w ater, whereas high num bers occu rred  when 
plots had not been flooded. These observations indicated that high 
m ois tu re  levels included some change in the soil complex which was not 
conducive to nematode survival. P rom inent among the possible changes 
was the inducement of conditions favorable for the development of certa in  
m icrobes  and consequent reduction of populations of T. m artin i due to m i ­
crobial activity. Hollis and Johnston (18) dem onstrated that s im ila r
reduction of To m artin i populations could be obtained in saturated  Crowley 
silt loam soil in the labora tory  and that these population reductions could 
be attributed to m icrobial actionD From  these p re lim inary  observations 
it was deemed justifiable to attempt to isolate m icroorganism s from  this 
soil and to charac terize  and test them for any effects on T» m artin i.  The 
successful completion of these objectives was realized  by isolation of an 
antinemic, anaerobic bacterium  from Crowley silt loam soil. Additional 
studies were initiated to elucidate the mechanism and significance of the 
action of this bacterium  against T. m artin i in r ice  soil.
HISTORICAL REVIEW
Hollis and Fielding (19) reported  a correla tion  in T. m artin i 
population fluctuations and soil m oisture  changes produced by interm ittent 
periods of flooding. High numbers occurred  in Crowley silt loam rice  
plots that had not been flooded with water and low numbers occurred  in 
plots that had been flooded. This suggested that flooding caused some 
environmental change detrim ental to the survival of this nematode.
Similar correla tions were found in soybeans growing in Red River soil 
between populations of Tylenchorhynchus species during periods of heavy 
rainfall.
Upon taking the problem to the labora tory  it was found by Hollis 
and Johnston (18) that s im ilar re su lts  could be obtained by submerging 
Crowley soil. T. m artin i were incubated in s terilized  m oist soil, non­
sterilized  m oist soil, s terilized  water saturated soil and nonsterilized  
water saturated soil. Consistently lower survival occurred  in the non­
sterilized  water saturated soil. Thus the influence of m icrobial activity 
was il lustra ted .
In a study concerned with various m oisture  levels and their effect 
on T. martini Johnston (20) showed survival of T. m artin i was highest at 
between 40 and 60 per cent of field capacity and lowest at the 11 per cent 
of field capacity and submerged levels. Survival was highest after 12 days
3
4incubation. Counts on the total nematode population, including T. 
m a rt in i ,  were highest at m oistu re  levels of 75 to 100 pe r  cent of field 
capacity after 32 days incubation., Since lowest survival consistently  
o ccu rred  at submerged levels , the possib ility  of the actions of an 
anaerobic o rganism  was em phasized. Evidence presen ted  by Johnston 
(2 0 ) showed that reduction was g rea te r  in nonsterilized  soil without 
oxygen than in s te r i lized  soil without oxygen. F rom  these data it was 
concluded that whatever the m echanism  for reduction was, it was favored 
by anaerobic conditions and that the lack of oxygen was not the cause of 
such population reductions. With this in mind anaerobic o rgan ism s were 
isolated from  the soil. One, a species of C lostrid ium , produced a toxic 
princip le  effective on T. m artin i incubated in artif ic ia l culture fluids.
Nematode reduction in w a te r-sa tu ra ted  soil is  not a phenomenon 
of recen t discovery , although an understanding of the m echanism  in ­
volved is  yet to be found. Several investigations (9, 10, 15, 20, 35) have 
shown that nematode populations a re  reduced in soil flooded with w ater.
The cause of such reductions I ra s  not been found. It is commonly assum ed 
that anaerobic conditions in the soil (15) or exhaustion of the nem atodes due 
to the ir  inc reased  activity  in water (11) account for such reductions. No 
experim ental proof of this is available in the l i te ra tu re .  The possible ef­
fectiveness of m icrob ia l activity  in reducing nematode populations in sub­
m erged  soils has been completely ignored.
If a substance is  produced by an organism  that is  effective in
inhibiting the survival of another organism  many facts m ust be taken into 
consideration. Waksman and Schatz (3 3) state that m icroorgan ism s s u r ­
vive in the soil because; a) they have the ability to to lerate  soil conditions, 
b) they a re  able to use the chemical constituents of the soil better than 
other o rgan ism s, and c) they have the capacity to produce substances which 
inhibit other organ ism s. The inhibitory action is selective, affecting some 
organism s and not o the rs . To be su re ,  all of the preceding statements 
a re  true and however complex they m ay be, none is m ore in teresting  than 
the la tte r  condition.
The effect of saprophytic soil m icroorganism s on soil borne p lan t 
pathogens has been recognized and studied for the past severa l decades. 
Because of the complexity of soil environments it is difficult to conclude 
the nature of action of one organism  on another. It m ust be taken into con­
sideration that m icroorgan ism s may act d irec tly  (2 2 ) or they may produce 
a toxic substance which inactivates or kills other m icroorganism s (1 6 ,
36). Whichever the case m ay be, severa l factors may influence any 
antagonistic situation in the soil.
An antagonistic m a te r ia l  produced by a m icroorganism  may m eet 
any one or combinations of fa tes. Even though a m a te r ia l produced in the 
labora tory  m ay be effective (16, 34) it may not be so in the soil because;
1) it m ay be inactivated by other soil m icroorgan ism s, 2 ) colloidal 
p artic les  m ay absorb it ,  3) inactivation by soil chemicals may occur,
4) an energy source may be lacking, and 5) the toxic m a te r ia l  may not 
be produced in la rge  enough quantities.
6Microorganisms antagonistic on one medium may not be toxic 
when grown on another medium. Antagonism in the soil does not neces­
sarily  mean that antagonistic effects will be exhibited on artific ial medium 
and v ice-versa (12). M icroorganisms, each with its complement of en­
zymes, apparently produce substances which differ in kind and/or amount 
according to the substrate and the environment under which it subsists. 
Thus many factors or combinations of factors may determine whether or 
not a given organism or complex is active, and more often than not the 
effect of such situations can be observed but not explained satisfactorily.
MATERIALS AND ME THODS
I. Soil Moisture Studies to Define the Problem
A silt loam soil taken at Crowley* Louisiana was used in the ex­
perim ents , The soil was maintained in five gallon flower pots under 
greenhouse conditions and no special effort was made to maintain soil 
m oisture or vegetation.
Indigenous populations of T. m artin i were obtained from Crowley 
silt loam soil that was planted with rice  and watered twice weekly in the 
greenhouse. Under such conditions relatively high populations were 
usually p resen t. No attempt was made to exclude other nematodes from 
the soil.
All determinations of nematode numbers were made by extracting 
them from the soil according to the method of Christie and P e r r y  (13). 
The nematodes were then removed from the extraction funnels in 10 ml 
samples of w ater, placed in Syracuse watch glasses and counted with the 
aid of a stereoscopic dissecting m icroscope.
In all experiments involving different m oisture levels the amount 
of m oisture was calculated in term s of percentage of field capacity.
Field capacity for the soil was approximately 39 m l per 100 g of oven 
dry  soil. Therefore* ht 100 per cent of field capacity, 39 m l of water 
was present per 100 g of soil; 50 per cent of field capacity indicates
7
that 18.5 m l per 100 g of soil was p resen t,  etc. Before adjusting the 
soil to such m oistu re  levels , it was allowed to a ir  dry  48 hours. At a ir  
dryness there  was approximately 9 m l of water remaining per 100 g of 
soil. Consequently, when m oisture  levels were established allowances 
were made for this amount of w ater. Submerged sam ples contained 100 
m l of water per  100 g of soil. The 100 g soil samples were s terilized  in 
250 m l Erlenm yer F lasks in a labora tory  autoclave at 17 lb. p re s su re  
and 120  ^ C. Dry samples were sterilized  for approximately 12 hours; 
wet samples were s terilized  4 hours . Attempts to isolate organism s 
from  such soil failed. In one experiment water s te r i lized  for 20 minutes 
was used.
When s terilized  soil or water was used nematodes were added to 
the sam ples. The nematodes were extracted from  nonsterilized soil as 
previously mentioned, partia lly  disinfected, counted and added to the 
s terilized  soil. After the nematodes were added and d ispersed  in the 
individual sam ples, 4 samples were taken at random and the nematodes 
extracted, counted and the mean number determ ined. Nematodes were 
not added to nonsterilized soil, but numbers that could be extracted were 
determ ined. Thus, nematodes present in both s terilized  and nonsterile  
soil at the beginning of each experiment were determ ined.
S terilization of nematodes was not possible. P a r t ia l  disinfestation, 
however, was achieved by submersion for 12 hours in a saturated solution 
of "Captan*' and then in 1 per cent streptomycin sulphate for 10 m inutes.
All nematodes added to sterilized  soil samples were treated in this 
manner.
In experiments involving sterilized soil and partially disinfested 
nematodes the nematodes were not sterile  but the soil was sterilized and 
partia l disinfestation killed most bacteria  associated with the nematodes. 
The build up of bacteria in such samples was much slower and conse­
quently their effects were negligible in the nonsterilized soil.
Nematode counts were made on 4 replications of each treatm ent 
every 3 days for as long as required to establish a definite trend of in ­
crease  or decrease in numbers; usually 9 - 12 days. Survival re fe rs  to 
the number of T. m artini extracted or not inactivated; other nematodes in 
the treatm ents were ignored unless otherwise indicated.
With the exception of one, all of the experiments were conducted 
at approximately 22. 2° C.
II. Influence of Anaerobic Conditions on Survival of T. m artini
T. m artini were incubated in submerged soil and in water containing 
no oxygen. Anaerobic conditions were established in the experiments by 
the same procedure used in the artificial cultures of bacteria, described 
below.
III. Isolation and Testing of Bacteria Against T. m artini
All isolations were made from Crowley silt loam soil. Serial dilu- 
-1  -11tions of 10 - 10 were made with one g of soil in sterile , distilled water.
I-
10
One m l of each dilution was then added to 9 m l of medium. The media 
were nutrient broth and nutrient agar prepared  according to Bard and 
MpClung (7) and Winogradsky's modified agar and liquid medium p r e ­
pared  according to Allen (4). Isolations at the various dilutions were made 
in warm agar media and swirled so that upon solidification bacteria  were 
' d ispersed throughout the media. Anaerobic conditions were then es-
I
j  tablished according to Bard and McClung (7). Under such conditions
anaerobic organisms grew well at 30-35° C. Six replications of each 
dilution were made.
At certain  dilutions, which varied according to bacteria  in the soil, 
individual colonies developed within 5 - 1 0  days. Such colonies were 
readily  isolated from the medium by melting the agar away from the sides 
of the tubes and allowing the m a te r ia l to slide out into P e tr i  plates by
•i
slanting the tubes at a downward angle. B acterial colonies were then 
isolated from the medium with the aid of a stereoscopic dissecting m ic ro ­
scope and tran sfe rred  to the liquid media in order for the pure cultures 
to increase  to high numbers.
The method used to culture the anaerobes in liquid culture was 
a simple one which can be utilized in almost any laboratory. The con­
ta iners  were 125 ml Erlenm eyer flasks. Two pieces of 4 mm glass 
tubing were extended into a flask so that 1 end almost reached the bottom 
while the other protruded just beyond the 2 hole rubber stopper which 
sealed the flask. Approximately 1 in. above the rubber stopper (and top
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of the flask) both glass rods were bent at 90° angles away from each other. 
Two or 3 in. of glass tubing was left beyond the 90° angle. One in. p ieces 
of rubber tubing were attached to the exposed ends of the glass rods and 
cotton was placed in the open tube ends.
Fifty m l of each of the liquid m edia in each flask was sterilized , 
inoculated with single colonies and flushed with nitrogen for 30 m inutes. 
The cotton in the glass tubes prevented contamination while flushing. 
Anaerobic organism s grew well in these flasks and within 10 days were 
ready for testing against nematodes.
Aerobic organism s were cultured the same as anaerobic ones ex­
cept that anaerobic conditions were not established. Only plain agar 
dilutions were made and cotton plugged E rlenm eyer flasks were used as 
liquid culture containers.
In transfe rring  the bac te ria  colonies to liquid culture the bac teria  
isolated in nutrient agar were tran s fe r red  and tested in nutrient broth and 
those isolated in Winogradsky's agar medium were t ran s fe rred  and tested  
in liquid Winogradsky's medium.
After 10 days incubation the liquid cultures were tested  for their 
effect on T. m artin i. The b ac te r ia l cultures were numbered in o rder of 
testing. No attempt was made at this time to identify the bac teria  in­
volved.
In testing nematode reaction 20 T. m artin i were  submerged in 
approximately 10 m l of the bac teria l suspension being tested and observed
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for 30 m inu tes . If they did not die o r  become quiescent within this time 
they were left for 18 hours and observed  again. E very  bacterium  was 
tested  by recording the time requ ired  for nematode inactivation in the 
b ac te r ia l  suspensions grown in both m edia and in noninoculated m edia.
Any b ac te r ia l  suspension that had not inactivated the nematodes within 
18 hours was considered ineffective and was d iscarded . Those iso la tes  
effective against T. m artin i w ere saved. Each iso la te  was s to red  in 
liquid and solid m edia a t room tem p era tu re  (20-33° C) and at approxi­
m ate ly  4° C in a re f r ig e ra to r .
IV. Identification of B ac te r ia  Effective Against T. m artin i
Of all the isolations made only 59 anaerobic iso la tes  obtained on 
W inogradsky's medium w ere active against T. m a rtin i .  These w ere kept 
and identified as C lostrid ium  butyricum  P razm ow ski. P re lim in a ry  
morphological examinations w ere lim ited  to staining the organ ism s with 
the Gram stain , observing the ch a rac te r is t ic  colony growth, size and 
m orphological ch a ra c te r is t ic s  of the individual ce l ls .  After these p r e ­
lim ina ry  exam inations, the organism s were identified according to p r o ­
cedures outlined in B ergey 's  Manual of D eterm inative Bacteriology (10).
V. Soil Culture Studies with C. butyricum. and T. m artin i
The same general p rocedures  used in p re lim in a ry  soil culture 
studies w ere employed h e re  except that various combinations of supple­
m ents and C. butyricum  were included in the soil sam ples.
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Supplementation of s terilized  soil with cornm eal or sucrose was done 
by removing the soil samples from the autoclave 30 minutes before s te r i ­
lization time was completed, adding the supplement and sterilizing the 
mixture for the remaining 30 minutes. Such soil samples remained 
sterile  when sealed with cotton.
C. butyricum was inoculated into the soil after all other p re p a ra ­
tions were complete. T ransfers  were made from 10-day-pld cultures 
into the desired soil samples with a 4 mm wire loop. The soil and water 
mixture was then agitated to insure dispersion of the nematodes and 
bacteria .
VI. Effective Substances Produced by C. butyricum in Artificial
Culture
One hundred m l of 10-day-pld, crude bacteria l suspension was 
clarified and analyzed according to procedures outlined by Neish (24).
The clarified bacteria l suspension was trea ted  in the following ways:
(1) steam distilled to obtain 100 ml of solution which contained the volatile 
substances such as isopropyl, butyl, ethyl and methyl alcohols and ace­
tone; (2 ) the remaining residue was then trea ted  with H2SO4 and steam 
distilled to remove 100 ml of the solution which contained the fatty acids 
such as butyric, propionic, acetic and form ic. All d istillates were co l­
lected in 20 m l fractions, this amounted to a total of 5 fractions for each 
method of distillation. The various fractions were then tested along with 
the distillation residue, crude bacteria l suspension and noninoculated
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medium by submerging the nematodes in the solutions. Testing was 
based on tim e requ ired  to inactivate T. m artin i.  Solutions w ere tested  
a t the original pH and at approxim ately pH 7 .0 .
The individual fatty acids of the cu ltural f i l tra te  were separa ted  
and the amounts determ ined by partition  chromotography as outlined by 
Neish (24). The concentrations were calculated in te rm s  of m olarity . 
Amounts w ere based on 6 determ inations (replications).
The time requ ired  for nematode inactivation was determ ined by sub­
m erging 20 specimens in d istilled  water solutions of each of the fatty acids 
at those concentrations extracted  from  the b ac te r ia l  cu ltu res .
All possible combinations of the 4 fa tty  acids extracted  from  the
b ac te r ia  cultures w ere p rep ared  in those concentrations ex tracted , e .g .  a
-3 Jsolution of butyric acid and propionic acid contained 3.40 x 10 M of the
_ 3
fo rm er and 1.35 x 10 M of the la t te r .  Survival of nem atodes in each of 
these solutions was determ ined as previously  described .
Of the combinations tested  those acids that w ere effective were 
tested  at severa l m olar concentrations. These included all combinations 
containing butyric acid.
In determining the time req u ired  for inactivation in solution, the 
nematodes in each dish were observed at in tervals  up until the time r e ­
quired for them to become quiescent. Inactivation was determ ined by r e ­
moving the quiescent nematodes from  the te s t  solution and putting them 
into distilled  w ater. If they rem ained  quiescent for 30 m inutes to 1 hour 
they were considered to be inactiva ted .
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Nem atodes used in testing various solutions showed v ariab ility  
in v ita lity  apparen tly  dependent upon the ir previous environm ental h is to ry . 
B ecause of th is nem atode populations tested  on different days showed 
g rea t v a riab ility  so fa r as tim e requ ired  for inactivation was concerned. 
F or th is reason  nematodes used in each experim ent w ere taken from  the 
so il and used as soon as possib le .
Subm erged, s te riliz e d  soil containing nem atodes was amended 
with the fatty  acids at those concentrations rem oved from  a rtif ic ia l cu ltu re .
E X P E R IM E N T A L  R E SU LTS
Io Soil M oisture Studies to Define the P rob lem
A se r ie s  of experim ents was conducted to determ ine the effect of 
various m o istu re  levels on the surv ival of T. m a rtin i populations in 100 g 
of Crow ley s ilt loam  soil and to elucidate the m echanism  of a detrim en ta l 
effect on T. m artin i populations.
A. Survival of indigenous T. m a rtin i populations at d ifferen t m o istu re  
levels a fte r 3 day incubation in te rv a ls .
The su rv ival of T. m artin i was com pared at 6 m o istu re  levels at 
3 day in te rv a ls  for 12 days. Four rep lications for each m o istu re  level at 
each sam pling tim e w ere used . Table I and F igu re  1 show the re su lts  of 
th is  experim ent. The purpose of the experim ent was to determ ine what 
g enera l effect w ater m o istu re  level had on T. m artin i surv ival and to
derponstrate  low surv ival ra te s  a t the subm erged level.
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Table I and F igure 1 show that the optim um  m o istu re  level for 
su rv ival was 50 p e r cent of field capacity  while m inim um  surv ival was 
evident at the subm erged level.
When surv ival a t the d ifferen t levels of field capacity  was com ­
pared  highly significant d ifferences w ere found. Survival a t the 50 per 
cent level was highly significant over that at a ll o ther lev e ls . Survival at 
the 75 per cent level was significant over that at the 25 p e r  cent level,
16
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Table I. E ffect of m o istu re  le v e l on the su rv iv a l o f indigenous T. m artin i
populations in 100 g of C row ley  s ilt  loam  s o il  a s  determ in ed  at
3 day in ter v a ls  for 12 days*
Time  M oisture levels (% field capacity) _________
(days)________11________25_______ 50_______ 75______ 100 Submerged_____Mean
Number of nematodes
0 300 300 300 300 300 300 300.0
3 180 220 200 280 260 190 221.6
6 170 202 210 260 260 80 180.3
9 110 208 340 240 101 70 175.0
12 150 191 461 250 90 60 202.1
Mean_______ 152.5 205.2 302. 7 257.5 152.7 100.0
L .S .D . .05 for m oisture levels as an average of all tim es 18.4
L. S. D. .01 for m oisture levels as an average of all tim es 28.8
L .S .D . . 05 for time intervals as an average of all m oisture levels 18.6
L .S .D . . 01 for time intervals as an average of all m oisture levels 24.2
Table II. Analysis of variance of the effect of m oisture level on the 
survival of indigenous T. m artin i populations in 100 g of 
Crowley silt loam soil as determined at 3 day intervals for 
12 days.
Sources of Degrees of Sum of Mean
variation______________freedom  squares_________ square__________ F
M oisture levels 5 450,597 90,119.4 220. 6**
Times 3 32,126 10,708. 6 26.2**
M oisture x times 15 283,582 18,905.4
E rro r 80 32,685 408. 5
Total 95 7 9 8 ,9 9 0
F ig u r e  1
500
4 0 0
T 0  D A Y S
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6 DAY200
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i o o
11 2 5 10 0  SUBMERGED5 0 7 5
M O I S T U R E  L E V E L  (V.  FIELD C A P A C I T Y )
Effect of m o istu re  level on the surv ival of indigenous T. 
m a rtin i populations in 100 g of Crow ley s ilt loam  soil as 
determ ined  a t 3 day in te rv a ls  for 12 dayse
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which, in  turn w as s ig n ifica n t ov er  the 11 and 100 p er  cen t le v e l .  S u rv iv a l
in  sub m erged  s o il  w as s ig n if ic a n tly  lo w er  than at any other le v e l .
Survival after 9 days incubation was significantly less  than a t any 
other sampling tim e and highly significant under that at the 3 and 12 day 
sam plings.
At the 50 per cent level of field capacity, num bers of T. m artin i 
after 9 days continuously increased  with tim e. A general decrease was 
evident p rio r to the 12 day sampling at m oistu re levels above 75 and 
below 50 per cent of field capacity.
B. Survival of indigenous T. m artin i populations at different m oistu re  
levels after extended incubation in te rva ls .
The survival of T. m artin i populations was com pared at 6 m oistu re  
levels and at 12, 22 and 32 day in tervals to determ ine if extended incuba­
tion in tervals resu lted  in lower survival than at the shorter periods. Four 
replications for each m oistu re level at each sampling tim e w ere used.
Table III and F igure 2 show the re su lts  of this experim ent.
As indicated in Table III and F igure 2 maximum survival was ob­
tained at the 50 per cent level of field capacity while minimum survival 
was obtained at the 11 per cent and submerged levels.
Survival averages at the different field capacity levels show that 
significant differences were p resen t. At the 50 per cent level, survival 
was highly significant over that at all other levels , except at the 75 per 
cent levelo The 11, 100 per cent and submerged m oisture levels were
20
Table III. E ffect o f m o is tu r e  le v e l  on the su rv iv a l o f in d igenous T.
m a rtin i popu lations in 100 g of C row ley  s ilt  loam  s o il  a fter
12, 22 and 32 d ays incubation .
Time
(days)
M oisture level (% field capacity)
Mean11 25 50 75 100 Submerged
Number of nematodes
0 37 37 37 37 37 37 37.0
12 4 17 44 37 12 9 20.5
22 8 14 19 13 8 4 11.0
32 5 22 16 17 5 5 11.6
Mean 5. 6 17.6 26. 3 22. 3 8. 3 6. 0
L .S .D . .05 for m oisture levels as an average of all tim es 5.5
L .S .D . .01 for m oisture levels as an average of all tim es 8.6
L .S .D . .05 for time in tervals as an average of all m oisture levels 6 .4
Table XV. Analysis of variance for the effect of m oisture levels on the 
survival of indigenous T. m artin i populations in Crowley 
silt loam soil after 12, 22 and 32 days incubation.
Sources of 
variation
Degrees of 
freedom
Sum of 
squares
Mean
square F
M oisture levels 5 4,629 925.8 33.7**
Times 2 1,424 712. 0 25.9**
M oisture x tim es 10 2,144 214.4
E rro r 54 1,479 27.4
T otal 71 9 .6 7 6
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Figure 2. Effect of m oisture level on the survival of indigenous T.
m artin i populations in 100 g of Crowley s ilt loam  soiTlifter 
12, 22 and 32 days incubation. ,
le ss  than a ll other levels to a highly significant degree .
Survival was low est in the 22 and 32 day sam plings; a fte r 22 days 
no decrease  was evident. After 22 and 32 days incubation survival was 
significantly under the 12 day interval* At the 50 per cent level a fte r 12 
days nematode survival was highest* A general decrease  was noted at a ll 
tim e in terva ls  at m oistu re  levels above 75 per cent and low er than that at 
the 50 p er cent level of field capacity.
C. Survival of indigenous total nem atode populations, including T. 
m a rtin i, at d ifferent m o istu re  levels a fte r extended incubation 
in te rv a ls .
Population survival of total nem atodes, including T« m artin i was 
com pared a t six m oistu re  levels a fte r 12, 22 and 32 days incubation to 
determ ine if other nem atodes responded to m oistu re  levels as did T. 
m artin i. Four replications for each m o istu re  level a t each sam pling 
tim e w ere used. Table V and F igure 3 show the re su lts  of th is ex p eri­
m ent.
F rom  Table V and F igure 3 it is  seen that m axim um  surv ival was 
apparent at the 75 and 100 per cent levels of field capacity . Minimum 
survival was evident at the 11 p er cent and subm erged le v e ls0
A verages of a ll tim es indicate that reduced survival was highly 
significant at 11 per cent of field capacity  and at subm erged levels .
No significant differences w ere obtained at the various sam pling 
in te rv a ls , although after 12 days there  seem ed to be a general in c rease
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Table V . E ffect o f m o istu re  le v e l  on the su rv iva l of total nem atode popu­
la tio n s , including T . m a rtin i, in 100 g of C row ley  s ilt  loam  so il
a fter 12, 22 and 32 days incubation.
Time  M oisture level (% field capacity)
(days) 11 25 50 75 100 Submerged Mean
Number of nematodes
0 85 85 85 85 85 85 85.0
12 16 35 59 60 42 20 38.8
22 20 50 71 71 88 10 51.6
32 11 39 49 95 89 17 50.0
Mean 15. 6 52.2 59.6 75. 3 73. 3 15.6
L .S . D. .05 for m oisture levels as an average of all tim es 21.7
L .S .D . .01 for m oisture levels as an average of all times 34.0
Table VI. Analysis of variance for the effect of m oisture level on the
survival of total nematode populations, including T. m artin i, 
in 100 g of Crowley silt loam soil after 12, 22 and 32 days 
incubation.
Sources of 
variation
Degrees of 
freedom
Sum of 
squares
Mean
square F
M oisture levels 5 43,852 8,770.4 20. 4**
Time 2 2,308 1,154.0 2. 6**
M oisture x tim es 10 7,749 774.9
E rro r 54 23,218 429.9
Total 71________ 77, 127
F ig u re  3.
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Effect of m oisture level on the survival of total nematode 
populations, including T. m artin i, in Crowley silt loafn soil 
after 12, 22 and 32 days incubation.
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in num bers. This m ay have been due to a r is e  in num bers of b ac te ria  
upon which saprophytic nem atodes feed, thus the saprophytes survived 
and increased  with an in c rease  in the food supply.
D. P e r  cent survival of indigenous and added T. m artin i populations 
in s te rilized  and nonsterilized  soil at 2 m o istu re  levels.
Survival of T. m artin i populations was com pared at 2 m oistu re 
levels in s te rilized  and nonsterilized  soil a t 3 day in terva ls  for 12 days 
to dem onstrate the effect of m icrob ial activity  in nonsterilized  subm erged 
soil. In the nonsterilized  trea tm en ts  indigenous nematode survival was 
reco rded , how ever, in the s te rilized  trea tm en ts  it was n ecessa ry  to add 
nem atodes to the soil. Four rep lications a t each m oistu re  level, s te r ility  
and time w ere used. Table VII and F igure 4 show the re su lts  of th is ex­
perim ent.
Data in Table VII and F igure 4 show that m axim um  survival was 
obtaiiied in nonsterilized  soil a t the 50 p e r cent level of field capacity, 
m inim um  survival was recorded  in nonsterilized , subm erged soil.
Significant d ifferences w ere obtained between the various m o istu re  
level and s te r ility  com binations. Survival in the subm erged, non­
s te rilized  soil was significantly under that a t all other com binations and 
highly significant when com pared with 50 per cent of field capacity in both 
s te rilized  and nonsterilized  trea tm ents. No significance occu rred  be­
tween the other m o istu re  level and s te rility  com parisons. No significant 
differences w ere apparent among the tim e in te rv a ls . However, a fte r 3
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Table VII* P e r  cent su rv ival of indigenous and added T. raa rtin i popula­
tions in 100 g of s te riliz e d  and n onsterilized  Crow ley s ilt 
loam  soil at 2 m o istu re  leve ls  as determ ined  a t 3 day in te rva ls  
for 1 2 days.
M oisture levels
Time Submerged 50% of field capacity
(days) S terilized N onsterilized S terilized N onsterilized Mean
P e r  cent survival
0 100. 0 100.0 100.0 100. 0 100. 0
3 96.2 70.4 91.7 83.9 85.5
6 88.9 • 67.6 96.8 104. 3 89 .4
9 85.9 - 4 3 .2 100.2 112. 3 85 .4
12 95.9 39.4 105.5 134.6 93.8
Mean 91.7 55. 1 98.5 108. 7
Lt . 3a D •
s te r ility
. 05 for m o istu re  levels  as an average of a ll tim es at each
23.5
Lt S. Da
s te r ility
. 01 for m oi s tu re  levels  as an average of a ll tim es a t each
43. 2
Table VIII. A nalysis of variance for the per cent surv ival of indigenous 
and added T. m artin i populations in 100 g of s te riliz e d  and 
nonsterilized  Crow ley s ilt loam  soil at 2 m o istu re  levels as 
determ ined  at 3 day in terva ls  for 12 days.
Sources of 
varia tion
D egrees of 
freedom
Sum of 
squares
Mean
square F
Tim es 3 959 319.6 2.9*
M oisture levels 1 15,085 15,085.0 137. 8**
S terility 1 3,097 3,097.0. 28.3**
Tim es x m o istu re 3 4,736 1 ,578 .6
Tim es x s te r ility 3 773 257. 6
M oisture x s te r ility  
Tim es x m o istu re  x
1 8,373 8,773. 0
s te r ility 3 2, 323 774. 3
E r ro r 48 5,253 109.4
Total 63 40,599
27
F ig u re  4 .
130
120
no
W 100
9 0
8 0LU
7 0
DC 6 0  
U J
to 5 0
l - S U B M E R . t  STER.
•  = SU8 M £ R.  ■+■ NONS T E R .  
X= 5 0  %  F. C. +  STER.
A : 5 0 %  F. C . +  NONSTER.
3 0
20
0 3 5 9 12
T I M E  IN DAYS
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d ays th ere  w ere  in c r e a s e s  in su rv iv a l w ith tim e in  trea tm en ts  containing
m o istu r e  at 50 p er cent of f ie ld  ca p a city . S u rviva l w as lo w est at a ll
tim e in te r v a ls  in su b m erged , n o n ste r iliz e d  s o il .
II. Influence of Anaerobic Conditions on Survival of T. m artin i
Two experim ents were conducted to determ ine whether or not 
anaerobic .conditions effected the survival of T. m artin i.
A. Effect of atm ospheric oxygen and soil sterilization  on the per cent
survival of indigenous and added T„ m artin i populations in submerged 
soil.
Survival of T, m artin i populations was compared at 1 m oisture 
level, 2 levels of oxygen and in sterilized  and nonsterilized soil to d e te r­
mine whether or not oxygen was the factor responsible for low survival of 
T. m artin i in submerged so ils. Indigenous nematode survival was r e ­
corded in the nonsterilized trea tm en ts , however in the sterilized  tre a t­
m ents it was necessary  to add nematodes to the soil and record  their 
survival. Four replications of each s te rility , oxygen and time treatm ent 
were used. The resu lts  of this experiment a re  in Table IX and F igure 5.
Data in Table IX and Figure 5 show that minimum survival was ob­
tained in the treatm ent containing nonsterilized soil and nitrogen, the 
highest survival occurred  in s terilized  soil containing oxygen. Survival 
in nonsterilized soil containing nitrogen was highly significant but there 
were no significant differences between other treatm ents.
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Table IX. Effect of oxygen, and soil s te riliza tion  on the per cent survival 
of indigenous and added T. m artin i populations in 100 g of 
subm erged Crowley silt loam  soil as determ ined at 3 day
in tervals for 12 days.
Time . Nitrogen Oxygen
(days) N onsterilized S terilized Non s te rilized S teriliz  eel Mean
P e r  cent survival
0 100. 0 100.0 100. 0 100. 0 100. 0
3 37.5 49.0 59.2 44. 7 47.6
6 58.6 67.9 60. 1 69.5 69.1
9 23.9 60. 3 54.7 71.6 52.6
12 14.3 66. 0 47. 1 55. 5 45 .7
Mean 33.5 60.8 55. 3 65. 3
L. S. D. . 05 for tim e in terva ls  as an average of all m o istu re  levels 12.1 
L .S .D . . 01 for tim e in tervals  as an average of a ll m o istu re  levels 22.4
L .S .D . . 05 for trea tm en t com binations as an average of a ll tim es 12.1 
L .S .D . .01 for trea tm en t com binations as an average of a ll times 22.4
Table X. Analysis of variance for the effect of oxygen and soil s te r i liz a ­
tion on the per cent surv ival of indigenous and added T. m artin i 
populations in 100 g of subm erged Crowley silt loam  soil as 
determ ined at 3 day in tervals  for 12 days.
Sources of 
varia tion
D egrees of 
freedom
Sum of 
squares
Mean
square F
Tim es 3 5,521 1,840. 3 62.0**
Oxygen 1 2,862 2,862 .0 96.3**
S terility 1 1,287 1,287.0 43. 3**
Tim es x oxygen 3 257 85.6
Tim es x s te rility 3 2,037 679.0
Oxygen x s te rility  
Tim es x oxygen x
1 5,441 5 ,441 .0
s te rility 3 2,503 834. 3
E r ro r 48 1,427 29.7
Total 63 21,335
30
F ig u re  5.
I oo
9 0
8 0
m 7 0
I- 6 0
°  4 0  or
UJ
®  30 
1  2 0
•  = NO N S T E R . +  N 
l = STE R. + N 2 
*= NONSTER.  + 0  
X = S T E R . ■+ 0 2
0 3 6 9 I 2
T I M E  IN D AYS
Effect of oxygen and soil sterilization  on the per cent 
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at 3 day in tervals for 1Z days.
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Time in terva l com parisons revealed  significant d iffe rences.
A fter 12 days surv ival was significantly le s s  than that at 6 days incuba­
tion. At 6 days a ll trea tm en ts  w ere highest in su rv ival. A fter 6 days 
a  general d ec rea se  was evident with the nonsterilized  treatm ent showing 
the m ost m arked  reduction .
B. Effect of nitrogen atm osphere on the surv ival of T . m artin i popula­
tions in w ater at d ifferen t te m p e ra tu re s .
Survival of T. m a rtin i was com pared in w ater having n itrogen  and 
oxygen atm ospheres a t 4 approxim ate te m p e ra tu re s . This te s t was con­
ducted as a supplem entary experim ent to E xperim ent A to fu rth e r dem on­
s tra te  that anaerobic conditions w ere not responsib le  for nem atode r e ­
duction. No rep lica tions w ere used  but the experim ent was repeated  with 
consisten t re s u lts . R epresen tative  re su lts  a re  in Table XI. N um bers in 
the table rep re se n t the num ber of nem atodes surviving in  a to tal of 100 
counted.
Survival was low est at tem p era tu re s  ranging from  22 - 30° C, 
su rv ival at 1 .7°  C was higher than at 22-30° C ,  but not as high as at 10 
and 14.4° C. It is  evident that at a ll tem p era tu re s  su rv ival was highest 
when the a tm osphere consisted  of n itrogen . As to whether these d iffe r­
ences w ere significant over th e ir  corresponding oxygen trea tm en ts  was 
not determ ined .
By com paring surv ival within trea tm en ts  a t each time it is  ev i­
dent that d ec rea se s  in surv ival w ere ra th e r  uniform . As tim e passed
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survival ra te s  decreased . At 1 .7° C reduction was m arked after 6 days 
but at 22-32° C it was even g rea ter after 3 days; Within the 10 and 14.4° C 
trea tm ents reduction in survival was m ore rapid in an atm osphere of 
oxygen.
Table XI. Effect of nitrogen and oxygen atm ospheres on the survival of 
T. m artin i populations in w ater as determ ined at 3 day in te r­
vals for 18 days (at 4 tem peratu res).
T em perature c* C and atm osphere
Time 1. 7 10 14. 4 22- 30
(days) o 2 n 2 02 / n 2 ° 2 n 2 o 2 n 2
Numbers of nematodes
0 96 98 95 98 98 96 94 97
3 97 98 97 1 93 97 98 43 57
6 99 96 95 98 99 97 0 0
9 61 66 90 95 98 97 0 0
12 67 63 89 96 93 96 0 0
15 0 59 88 97 86 91 0 0
18 0 0 78 92 84 92 0 0
Mean 60. 0 68.5 90. 2 95.5 93.5 95.2 19.5 22. 0
t '
III. Isolation and Testing of B acteria  Against T. m artin i
Isolations were made from  Crowley s ilt loam soil and the bac te ria l 
iso la tes were tested in suspensions to determ ine if they w ere effective in 
reducing survival of T. m artini. Anaerobic and aerobic iso la tes were ob­
tained on both nutrient agar and W inogradsky’s modified agar medium .
Each isolate was tested  against T. m artin i in the liquid form  of the medium 
on which it was iso lated . Any bac te ria l suspension that required  at least
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18 hours to kill the nematodes was considered ineffective and discarded.
As shown in Table XII, 847 isolates were tested. Ninety-three 
aerobic and 227 anaerobic bacteria  were isolated on nutrient agar; 187 
aerobic and 340 anaerobic bacteria  were isolated on Winogradsky's 
modified agar medium. All of the isolates were tested for activity 
against T. m artin i.
In comparing the time required for inactivation in both media,
/
with both types of bacteria ,it is seen that none of the aerobic bacteria in ­
activated the nematodes before 18 hours. Although none of the anaerobic
\
bacteria  in nutrient'W oth inactivated T. m artin i before 18 hours, 59 
(17.3%) of the 340 anaerobic bacteria tested in Winogradsky’s liquid 
medium, inactivated T. m artin i in less than 30 m inutes. As seen under 
a compound m icroscope, none of these bacteria attacked the nematodes 
d irectly , internally or externally. Their effect on the nematode was in­
direct and apparently resulted  from antibiotic substances produced in the 
culture medium.
Table XII. Inactivation of T. m artin i by bacteria  isolated from  Crowley 
silt loam soil.
B acteria isolated and tested Activity against T. m artin i
Type Number
Medium Isolates 
Isolation Test tested
Time required 
to inactivate
Aerobic 93 Nut. agar Nut. broth 0
Aerobic 187 Wino. agar Wino. liquid 0 - -
Anaerobic 227 Nut. agar Nut. broth 7 12-18 h rs .
Anaerobic 340 Wino. agar Wino. liquid 59 30 min.
Control (aerobic and anaerobic Wino » liquid and Nut. broth
media without bacteria) 18 h rs .
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IV, Identification of B acteria Effective Against T. m artin i
Gram stain reactions, morphological charac teris tics  of the colo<- 
nies and the size and morphology of the individual cells of all 59 isolates 
indicated they were of the same genus. All colonies of the 59 isolates 
were biconvex, entire and produced abundant gas within 48 hours when 
grown on solid W inogradsky's modified medium. The isolates were gram  
positive, becoming gram negative. The individual cells averaged 0.65 
by 6. 0 u.
P relim inary  investigations showed that a ll 59 isolates were of the 
genus C lostridium  and they were subsequently idenjbjified as Clostridium  
butyricum Prazm ow ski, according to physiological te sts  suggested in 
B ergey 's Manual of Determ inative Bacteriology (10).
V, Soil Culture Studies with C. butyricum and T, m artin i
A se ries  of experim ents was conducted to observe what effect
C. butyricum  had on the survival of T» m artin i in 100 g of sterilized  and 
nonsterilized Crowley silt loam soil containing various combinations of 
a supplement, oxygen, and different m oisture levels.
A. Effect of _C. butyricum on the survival of added T» m artin i in 
submerged, sterilized , supplemented soil.
The survival of T. m artin i was compared in s terilized , submerged 
soil contain combinations of C, butyricum  and cornm eal to dem onstrate 
the detrim e tal effect of this bacterium  on the survival of T. m artin i
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populations. N um bers of nem atodes surviving w ere determ ined  from  
nem atodes added to the s te rilized  so il. Four rep lications of each t r e a t ­
m ent w ere used . The re su lts  of this experim ent a re  shown in Table XIIIo 
Survival was low est when C. butyricum  was p resen t and especially  
so when cornm eal was also p re sen t. There was little  or no difference 
between trea tm en ts  without C. butyricum .
Table XIII. E ffect of C. butyricum  on the survival of added T. m artin i 
in 100 g of subm erged, s te rilized  Crowley s ilt loam  soil 
supplem ented with cornm eal as determ ined  a fte r 12 days 
incubation.
Number of
T reatm ent T. m artini
C. butyricum  and cornm eal 0
C ornm eal 729
C. butyricum 486
Nothing added to the soil 735
B. Effect of C. butyricum  on the survival of added T. m artin i at d iffe r­
ent m o istu re  levels in so il.
C om parisons w ere m ade between the surv ival of nem atodes a t 4 
levels  of field capacity  and subm ersion , with and without C. butyricum  ^
to show that C. butyricum  exhibited its  effect only at high m o istu re  lev e ls . 
Four rep lica tions w ere used at each combination of m o istu re  level and 
bac terium . Table XIV and F igure 6 show the re su lts  of this experim ent.
Table XIV and F igure  6 show that m axim um  survival was obtained 
at 50 p e r cent of field capacity  while m inim um  survival was p resen t a t the 
25 p e r cent level.
36
Table XIV. E ffect of C. butyricum  on the surv ival of added T. m artin i 
a t d ifferen t m o istu re  levels in 100 g of s te rilized  Crow ley 
s ilt loam  soil a fte r 12 days incubation.
M oisture level (% field capacity)
25 50 75 100 Submerged Mean
Numb er s of T. m artin i
With C. butyricum 160 348 252 255 219 246.8
Without C. butyricum 170 339 291 279 291 274. 0
Mean 165 343. 5 286. 5 267.0 255.0
L .S .D . . 05 for b a c te ria  as an average of all m o istu re  levels  25. 6
L .S .D . . 05 for m o istu re  levels as an average of all b a c te r ia  9 .5
L .S .D . .01 for m o istu re  levels as an average of a ll b a c te ria  14.8
Table XV. A nalysis of variance for the effect of C. butyricum  on the 
surv ival of added T. m artin i a t d ifferent m o istu re  levels 
in 100 g of s te riliz e d  Crow ley s ilt loam  soil a fte r 12 days 
incubation.
Sources of D egrees of Sum of Mean
varia tion_____________ freedom ___________ squares_________squares______ F
M oisture levels 4 1,457 364. 2 31. 1*
B ac te ria 1 56 56. 0 4. 7*
M oisture levels x 
b ac te ria 4 100 25. 0
E r ro r 30 351 11.7
Total 39 1,964
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F ig u r e  6 .
50  0
'  4 0 0
u -  NOTHING
C. B U T Y R I C U M
Ui o o
5  3 0 0
UJ 2
U.
o
or 20 0
UJ 
CD 2 :d 
z
l O O h -
2 5 5 0  7 5 1 0 0  S U B M E R G E D
M O I S T U R E  L E V E L  ( %  F I E L D  C A P A C I T Y )
Effect of C. butyricum  on the survival of added T» m artin i 
at differ enTm oisture levels in 100 g of s te rilized  Crowley 
s ilt loam  soil a fte r 12 days incubation.
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Significant differences were evident at different m oistu re levels. 
Survival at the 50 per cent level was highly significant over all other 
m oistu re levels while at the 25 per cent level survival was highly signi­
ficant under that at all other levels. There was a decrease  in survival 
as m oisture levels increased.
Differences in survival when bacteria  were presen t and not 
p resen t were significant. When bac teria  were p resen t survival was 
significantly lower than when bacteria  were not p resen t. Survival at the 
25 and 50 per cent level of field capacity was g rea test when bacteria  were 
p resen t, however at the higher m oisture levels survival was lower when
C. butyricum  was p resen t.
C. Effect of C. butyricum  in combination with an aerobic bacterium  on 
the survival of added T. m artin i in soil.
Com parisons were made between the survival of nem atodes after 
12 days incubation in soil containing combinations of C. butyricum , an 
aerobic bacterium  and sucrose. It was thought that by combining an 
aerobic organism  with C. butyricum  the influence of C. butyricum  on 
T. m artin i would be prom oted since the aerobic organism  should establish  
anaerobic conditions favorable for the growth of C. butyricum . It was 
necessary  to add T. m artin i to the ste rilized  soil. Four replications of 
each treatm ent w ere used. The re su lts  of this experim ent a re  in Table 
XVI. Minimum survival occurred  in those treatm ents containing C. 
butyricum  and sucrose , the p resence of an aerobic bacterium  was without
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Table XVI. E ffect of C. butyricum  with an aerobic bacterium  on the 
survival of added T. m artin i after 12 days incubation in 
100 g of s te rilize d , subm erged Crowley s ilt loam soil 
supplem ented with sucro se .
Num bers of
Combinations of C. butyricum  and aerobic bacterium  T. m artin i
Co butyricum  4-aerobic bacterium  + sucrose 80
C. butyricum  4< aerobic bacterium 396
C. butyricum  •{• sucrose 95
C. butyricum 382
Aerobic bacterium  -fr sucrose 364
Aerobic bacterium 411
Sucrose 402
Nothing . 413
L .S .D . .05  for the various trea tm en t com binations as an
average of 4 rep lications 60. 3
L .S .D . .01 for the various trea tm en t combinations as an
average of 4 replications 1 1 0 .6
Table XVII. A nalysis of variance for the effect of C. butyricum  with an 
aerobic bacterium  on the survival of added T. m artin i after 
12 days incubation in 100 g of s te rilized , subm erged 
Crowley s ilt loam  soil supplem ented with sucrose .
Sources of 
varia tion
D egrees of 
freedom
Sum of 
squares
Mean
square F
C. butyricum 1 144,453 144,453. 0 2 0 0 . 2**
A erobic bacterium 1 9,591 9 ,591 .0 13.3**
Sucrose 1 289,561 289,561.0 401.3**
C. butyricum  x aerobic
bacterium 1 9,792 9 ,792 .0
C. butyricum  x sucrose 1 98,790 98,790.0
A erobic bacterium  x
sucrose 1 13,530 13,530. 0
C. butyricum  x aerobic
bacterium  x sucrose 1 5,733 5,733. 0
E rro r 24 17,314 721.4
Total 31 5 8 8 ,7 6 4
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effect. Significant differences were found in comparing the different 
treatm ent combinations. Reductions of survival in the treatm ents con­
taining only C. butyricum and sucrose was highly significant. There were 
no significant differences among the other treatm ents.
D. Effect of C. butyricum on the survival of added T. m artini in soil 
after a 3 day incubation interval.
Comparisons were made between survival of T. m artini when 
incubated in soil containing C. butyricum and cornm eal;;sam ples were 
taken every 3 days for 12 days. The purpose of the experiment was to show 
increased reduction of T\ mafrtini due to C. butyricum when supplemented 
with an energy source. Itowas necessary  to add T. m artin i to the s te r i­
lized soil. Four replications of each treatm ent at each sample time were 
used. Data obtained from this experiment is shown in Table XVIII and 
Figure 7.
Table XVIII and Figure 7 show that minimum survival was ob­
tained in soil containing ,C. butyricum and cornm eal. Other treatm ents 
exhibited little difference in survival. All treatm ents showed reduction 
in survival after 12 days.
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Table XVIII. Effect of C. butyric vim on the survival of added T. m artin i 
populations in 100 g of subm erged, ste rilized  Crowley silt 
loam soil supplemented with cornm eal as determ ined at 
3 day in tervals for 12 days.
Time
(days)
Cornmeal added Cornm eal not added
Co butyricuifn 
added
C. butyricum  
not added
C. butyricum  
added
C. butyricum  
not added
Number of T. m artin i
0 481 481 481 481
3 81 453 375 484
6 0 374 360 386
9 0 341 328 387
12 0 366 316 372
Mean 112.4 403. 0 372.0 422.0
E. Quantitative relation of C. butyricum  to the survival of T. m artin i 
populations in soil.
Com parisons were made between survival of T. nm rtin i popula­
tions in soil combinations of C. butyricum  and cornm eal. A correlation  
between num bers of bacteria  and nem atodes p resen t at 3 day in tervals for 
9 days was dem onstrated to show that nematode populations decreased  as 
bac te ria  num bers increased . Eight replications were made on bac teria l 
counts at each time interval and 4 replications were used in the nematode 
counts. It was necessary  to add T. m artin i to the s te rilized  soil. Numbers 
of bacteria  were recorded  in Table XIX as thousands per g of so il. Data 
obtained from  this experim ent a re  shown in Table XIX and F igure 8 .
In comparing m eans of the treatm ents (Table XIX) bac teria l 
num bers were highest and nematode survival low est when cornm eal was
4 2
\
F ig u r e  7.
5 0 0
i d  3 0 0
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X  = STER.  SOI L +  C. BUTYRIC UM 
A=STER.  SOIL +  C OR N ME A L 
•  = STER.  SOIL +  C. BUTYRICUM 
+  C O R N M E A L
200
100
T I M E  IN D A Y S
Effect of Ch butyricum  on the survival of added m artin i 
populations in 100 g of subm erged Crow ley s ilt loam  soil 
supplem ented with cornm eal as determ ined at 3 day in te r ­
vals for 12 days.
Table XIX. Quantitative relation of C. butyricum to T. m artini population survival in submerged, 
sterilized Crowley silt loam soil supplemented with cornmeal as determined at 3 
day intervals for 9 days.
Time
(days)
Cornmeal added Cornmeal not added
Clost. added Clost. not added Clost. added Clost. not added
No. of 
Clost. 1
No. of
2nemas.
No. of 
Clost.
No. of 
nemas.
No. of 
Clost.
No. of 
nemas.
No. of 
Clost.
No. of 
nemas.
0 22x l0 3 155 0 155 22x10 3 155 0 155
3 23xl06 0 0 117 170xl03 105 0 134
6 130xl06 0 0 133 228x104 105 0 129
9 2L2x l 0 6 0 0 140 286xl04 72 0 125
Mean 91,255.5x10^ 38.7 0 136.2 133xl04 1 0 9 .2 0 135.7
No. of Clost. designate numbers present per g of soil.
2
No. of nem as. designate numbers present per 100 g of soil.
I
I
F ig u r e  8.
4 4
3
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A« C ORNME AL +  C. B U T YRICUM 
X ' C O R  NM E AL 
•  = C. B U T Y R I C U M  
I = NOTHING
3 6
T I M E  IN DAYS
Quantitative re la tion  of butyricum  to survival of T. m artin i 
populations in 100 g of subm erged, s te rilized  Crowley silt 
loam  soil supplem ented with cornm eal as determ ined at 3 day 
in tervals for 9 days.
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added to the soil. Soil without cornmeal had little  effect on survival; 
although survival was depressed by C. butyricum in unsupplemented soil.
As bacterial numbers increased nematode numbers decreased. 
After 3 days there were 23,000,000 C. butyricum per g of soil contain­
ing cornmeal and nematode survival was 0. B acterial numbers were low 
in soil without cornm eal, but there was a decrease in nematode survival.
VI. Effective Substance Produced by C. butyricum in A rtificial
Cultur e
A series of analytical tests were made to determ ine the effective 
substances and the toxicity of such substances present in cultures of C. 
butyricum.
A. Time required for fractions of extracted substances to inactivate 
T. m artin i.
Twenty nematodes were submerged in each of 10, 20 ml fractions 
extracted from culture filtra tes of C. butyricum , the remaining residue, 
a nondistilled inoculated medium and in noninoculated medium. This ex­
perim ent was conducted to determ ine what diluted fractions were effective 
against T. m artin i. All solutions were tested at the original pH and at 
approximately pH 7. Time in minutes required for inactivation up to 15 
minutes was recorded. The procedure for extraction has been described.
In comparing the time required to inactivate the 20 nematodes 
submerged in each solution, as seen in Table XX, it is evident that all
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m a te ria ls  except the noninoculated m edium  was effective at the orig inal 
pH. A fter adjustm ent to approxim ately  pH 7 only the nondistilled  in - 
oculated m edium  and the 5 fractions of volatile substances inactivated  
T. m artini in le ss  than 15 m inu tes.
Table XX. Time req u ired  for frac tions of ex trac ted  n eu tra l volatile 
substances (alcohols and acetone) and volatile  substances 
(fatty acids) to inactivate T. m a rtin i.
M inutes to M inutes to
O riginal A djusted inactivate at inactivate at
F raction   pH____________ pH_________orig inal pH adjusted pH
N eutral volatile sub stances
1 3. 8 6.9 4-10 15 +
2 3.5 7,0 6 - 1 2 15 +
3 3.6 7.0 6 - 1 2 15 +
4 3.9 7.1 8-15 15 +
5 5 .8 7 .0 10-15+ 15 +
V olatile substances
1 3 .0 6.9 1-3 3- 6
2 2.9 7 .0 1 -2 4 - 8
3 2. 7 7. 0 1-4 3- 8
4 4 .9 7.1 3-6 2 - £
5 6 . 2 7 .0 3-5 4-15
Residue afte r d istilla tion
1 0 . 8 7.0 .4 5 -2 15+
N ondistilled inoculated m edium
1 4 .2 7.0
N ondistilled,
2-4
noninoculated m edium
2-5
1 7 . 0 15 + 1 5 4
B« Amounts of individual fatty acids extracted from  artific ia l culture.
The amounts of acids were determ ined as described and the r e ­
sults of these determ inations are  shown in Table XXI.
Table XXI. Concentrations of the individual fatty acids extracted from 
artific ia l culture of C. butyricum .
Fatty  acids Molar concentration
butyric 3 .40xl0“3
propionic 1 .35xl0" 3
acetic 1. 66x l 0 “ 3
form ic 0 . 21x l 0 - 3
total
\ —.....................“*..... ' —
6.62x l0“3
C. Time required  for the fatty acids to inactivate T. m artin i.
Individual and total acids were prepared  in distilled water solu­
tions at those concentrations extracted from the medium. Twenty nema 
todes were submerged in each of the solutions and time determ ined for 
the ir inactivation.
The resu lts  are  in Table XXII. Total acids inactivated the nema 
todes in le ss  than 12 hours; all individual acids were ineffective at 12 
hour s .
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Table XXII. Time required for the individual and total fatty acids to 
inactivate T. m artini when prepared in distilled water 
solutions at those concentrations extracted from artificial 
cultur e.
Fatty acids
Molar
concentrations
Hours required to 
inactivate
butyric 3 .40xl0-3 >12
propionic 1. 35xl0" 3 >12
acetic 1. 66x 10” >12
formic 0 . 21x l0 -3 >12
total 6 .62xl0~3 . 1 2 -2
water control >12
D. Effect of the fatty acids on the survival of T. m artin i populations in 
soil.
Nematodes were added to submerged, sterilized  Crowley silt loam 
soil containing each of the acids at those concentrations extracted from 
pure cultures of C. butyricum ; the treatm ents included a total of all acids 
and a water control. This experiment was conducted to determ ine what 
acids at those concentrations extracted from artific ia l culture filtrate 
were effective against T. m artin i. Four replications of each treatm ent 
were used. The resu lts  of this experiment are  in Table XXIII.
By comparing the means of each treatm ent it can be seen that 
large differences were present. Survival in the total acid solutions was 
much lower than survival in each of the acids. However, numbers in the 
w ater control were higher than any other treatm ent.
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Table XXIU. Effect of the fatty acids in those concentrations extracted 
from  artific ia l culture on the survival of T. m artini 
populations as determ ined after 3 days incubation in 
sterilized , submerged Crowley silt loam soil.
Fatty  acids Molar concentrations P er cent survival
butyric 3.40x10”3 84.2
propionic 1.35x10 77. 0
acetic 1. 66x 10“ ;: 76. 1
form ic 0 . 21x 10 87.3
total acids 6 . 62x 10"^ 24. 6
water control 97.6
E. Time required  for all possible combinations of the fatty acids to 
inactivate T. m artin i.
Twenty nematodes were submerged in combinations of those acids 
extracted from pure cultures of C. butyricum to determ ine what particu lar 
combinations of acids were m ost effective against T. m artin i. Concen­
trations were those extracted from  the cu ltu res, e .g . butyric 4- propi- 
onic I 3.40x10 M 4* 1.35x10“ M. Inactivation was observed and 
recorded over a 12 hour period. The resu lts  of this experim ent are  
in Table XXIV.
As shown in Table XXIV any combination containing butyric acid 
was effective, combinations of other acids were not effective, nor was 
any acid alone.
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Table XXIV. Time requ ired  to inactivate T. m artin i populations with 
all combinations of fatty acids at those concentrations 
ex tracted  from  artif ic ia l cu lture.
F atty  acid combinations
M olar
concentrations
H ours requ ired  
to inactivate
butyric 4* propionic 4 . 75xl0~ 3 <1
butyric 4* acetic 5.06x10 < 1
butyric 4- form ic 3 .6 lx l0 - 3 < 1
butyric ■♦•propionic •*- acetic 6 .41x l0“3•j < 1
butyric propionic •*< form ic 4. 96x10 < 1
butyric acetic + form ic 5 .27xl0“3 < 1
butyric -*• propionic + form ic •*• acetic 6 .62xl0~3 < 1
propionic ■*• acetic 3.01x10-° > 12
propionic form ic 3. 61x10” 3 > 1 2  ^
propionic + form ic ■*• acetic 3.22x10- 3 >12
acetic + form ic 1. 87x10“3 > 1 2
butyric 3 .40xl0”3 > 1 2
propionic 1.35x10“ 3 >12
acetic 1. 66x l 0 “ 3 > 1 2
form ic 0 . 21x 10 “ 3 >12
w ater control > 12
F . Time requ ired  for effective combinations of fatty  acids to inactivate 
T. m artin i at various m olar concentrations.
Twenty nem atodes w ere subm erged in all combinations of acids 
containing butyric acid , bqtyric acid alone and w ater. This te s t was 
conducted to determ ine if combinations of the acids were m ore effective
than butyric acid , at the same m olar concentration. Concentrations
-3 -3 -3were p repared  so that dilutions were 1x10 , 1.5x10 and 2.0x10“ .
The nem atodes were observed at in tervals and the time for inactivation
was recorded . The re su lts  of this experim ent a re  shown in Table XXV.
Table XXV indicates that a ll combinations of acids w ere m ore
51
effective than the corresponding butyric acid controls,, At the higher 
dilutions the nem atodes survived much longer in butyric acid than did 
they at the corresponding dilution of the acid com bination. At the low er 
dilutions a ll trea tm en ts  w ere effective and there  was not m uch d iffe r­
ence in time requ ired  for inactivation.
Table XXV. Tim e requ ired  for effective com binations of fatty  acids
ex trac ted  from  a rtif ic ia l cu lture to inactivate T. m artin i 
populations at 3 m olar concentrations.
Acid combination and control 
a t 1 . 0x 10“3
M inutes req u ired  to 
inactivate T. m a rtin i
butyric 4- propionic 13.4
butyric acetic 13. 2
butyric + form ic 59.2
butyric (control) 78. 7
Acid combination and control 
at 1. 5x l0 ~3
butyric -t-propionic acetic 13. 3
butyric + propionic form ic 13. 1
butyric form ic acetic 14. 7
butyric (control) 36.9
Acid com bination and control -
at 2 . 0x 1 0 “^
butyric + propionic +• acetic  + form ic 6 . 2
butyric (control) 42. 7
W ater control 300. 0
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In comparing the 2, 3 and 4 acid combinations it is seen that the 
m ore acids there were in combination, the m ore effective was the solu­
tion. In this experiment the complete m ixture of acids inactivated T.
-5m artin i in less than 1 hour at a m olar concentration of 5x10 for each 
acid in the combination.
Effectiveness of the acid m ixtures were, in most cases, related 
to the molecular weights of the individual combinations. Butyric and 
propionic in combination, for example, at 1 .0x l0"J M inactivated T. 
m artini within 13 m inutes, at the same concentration the butyric and 
formic acid combination required 78 minutes to inactivate T. m artin i.
DISCUSSION
Analysis of data from  soil fumigation experim ents with rice  in 
Crowley s ilt loam soil indicated that flooding induced some change in 
the soil which reduced populations of T. m artin i (19)* As shown by 
num erous investigations (27, 31, 34) flooding of soil induces anaerobic 
conditions in the soil in a re la tively  short tim e. Such anaerobic condi­
tions in the in itia l phase of the p resen t study were considered to have 
acted in 1 or a combination of 2 ways. E ither anaerobic conditions de­
prived To m artin i of necessary  oxygen or stim ulated an increase  of 
anaerobic m icroorganism s which then exerted an effect on T. m artin i.
A combination of both factors m ay have been involved. However, a 
search  of the lite ra tu re  revealed no references concerning m icrobiologi­
cal reduction of populations of nematodes in subm erged soil, other than 
those leading to the p resen t investigation (18, 2 0 , 2 1 ).
N evertheless, data obtained by other investigators a re  pertinent 
to this study. Pyruvic acid is form ed in subm erged rice  soil and is 
broken down by C. butyricum  into butyric and acetic acids (27, 28). 
Lactic acid may be form ed and afte r 3 days decomposed to form  butyric 
and acetic acids in nonsterilized  soil incubated in the laboratory  (23, 28). 
The optimum tem perature for the form ation of large quantities of butyric 
and acetic acids in subm erged rice  soil was found to be in the range of 
30-55° C (1* 2). Ponnam perum a (25), in reviewing m icrobiological
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problem s in rice soils, delimited the zone of anaerobic activity in the 
soil, and found that organic products of anaerobic decomposition are  not 
distributed uniformly throughout the soil profile. An aerated layer a 
few mm thick is at the top of the soil. Below thip, in the plant root zone, 
lies the reduced zone and since bacterial products accumulate in the soil 
pores to decrease perm eability, organic acids accumulate in this zone (5).
Certain correlations are apparent between the present resu lts  
and those of other workers dealing with rice soil.
(a) At submerged m oisture levels in the field, C. butyricum p ro ­
duces butyric and acetic acids, which accumulate in a res tric ted  zone 
around the plant roots (5, 28). In the present study, nematode reduc­
tion was greatest at submerged m oisture levels. C. butyricum was 
isolated from submerged Crowley silt loam soil and butyric and acetic 
acids were among the acids isolated from C. butyricum cultures.
(b) Submerged rice  soil culture studies, conducted in the labora­
tory, revealed the formation of butyric and acetic acids after 3 days 
incubation. These acids were not decomposed until after 15 days (28). 
Survival of T0 m artin i populations in incubation experiments of the 
p resent study revealed that reduction of nematodes occurred after 3 to
6 days.
(c) The formation of organic acids proceeds faster at 30-35° C. 
This is in the tem perature range in which C. butyricum grows best 
(31, 32).
(d) The organic acids produced in soil cultures under laboratory
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conditions a re  probably the same as those produced in the field; f e r ­
m entation occurs producing pyruvic and lactic acids which a re  in turn 
broken down into other organic acids {23, 28).
Tarjan (29, 30) reported  that butyric acid at 1000 ppm in aqueous 
solution was not effective on Panagrellus rediyivus (Linn. , 1769) Goodey, 
1945. Thus, when this is taken into consideration along with the resu lts  
of the p resen t study, it is apparent that not all nematodes respond alike 
to certa in  organic acids.
When T. m artin i was incubated in w ater in an atm osphere of 
nitrogen, the nematodes im m ediately became quiescent and rem ained 
so throughout the entire incubation period. Upon rem oval of the nem a­
todes from  the nitrogen atm osphere to that of atm ospheric oxygen, they 
im m ediately becam e m otile. Various investigations have shown that 
s im ilar responses may be exhibited by anim al parasitic  nem atodes.
Larvae of T richinella sp ira lis  (33) and A scaris  lum briocoides (14) s u r ­
vive but do not exhibit m otility  under anaerobic conditions. In an 
atm osphere of pure oxygen A scaris  lum briocoides re sp ire  much faste r 
than in a ir  and in atm ospheric oxygen they die much sooner than in an 
anaerobic environment (33). Thus, under anaerobic conditions, the 
m etabolism  of these species perm its survival for extended periods.
T. m artin i may possess sim ilar m echanism s for survival under anaerobic 
conditions.
The fact that combinations of acids were m ore effective than 
butyric acid alone is not understood. Introduction of 2 or m ore acids
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acids into w ater m ay have resu lted  in some chem ical interaction that 
increased  the ir effectiveness against T. m a rtin i. It is  also possible 
that 1 acid may have a lte red  the nematode cuticle in such a way as to 
facilitate entry  of another acid into the nematode.
In sum m arizing the p resen t status of the nematode problem  in 
r ic e , it was concluded that T. m artin i is  probably not im portant as a 
plant p arasitic  nematode on rice  in Louisiana and Texas (17). The 
reason for this could be that the antibiotic action of C. butyricum  in 
subm erged rice  soil, plays an im portant part in suppressing a build up 
of T. m artin i populations to significant levels.
The evidence in this study clearly  indicates that reduction of T. 
m artin i populations in submerged rice  soil cultures under laboratory  
conditions is due to antibiosis of C. butyricum . A new form  of biological 
control of nematodes is evident bat its significance can only be rea lized  
by elucidation of the antibiotic under field conditions.
SUMMARY AND CONCLUSIONS
Experim ents were designed in the laboratory  to determ ine the causes 
and to elucidate the m echanism  of reduction of T. m artin i populations 
in submerged Crowley silt loam soil. This led to the isolation and 
characterization  of C lostridium  butyricum  Prazm ow ski and the 
nature of its action against T. m artin i.
Reduction in nematode populations in Crowley silt loam soil was r e ­
lated to soil m oisture level* Survival of T» m artin i was highest at 
in term ediate and lowest at extrem e m oisture levels. The effect of 
low m oisture levels was attributed  to absence of w ater necessary  
for survival. However, the low population survival at high soil 
m oisture levels, p a rticu larly  in subm erged soil, indicated the opera­
tion of associated fac to rs.
Reduction of nematode populations in nonsterilized , submerged soil 
containing an atm osphere of nitrogen im plicated anaerobic m ic ro - 
organism s as the causal fac to r. Unimpaired survival of nematodes 
incubated in water and soil containing atm ospheres of nitrogen showed 
that anaerobic conditions per se were not detrim ental.
Of 847 aerobic and anaerobic iso la tes obtained from  Crowley silt loam 
soil, 59 were identified as C lostridium  butyricum  Prazm ow ski; 
m etabolic products of this organism  were effective in inactivating 
T. m artin i. An inverse co rre la tion  was dem onstrated between
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numbers of C. butyricum and T. m artin i in sterilized , submerged 
soil; as bacteria  increased nematode numbers decreased. Reduc­
tion of T. m artin i by C, butyricum was greatest in sterilized  soil 
supplemented with cornm eal or sucrose.
5. Of the substances extracted from  filtra tes of artific ia l cultures of 
C. butyricum , only the volatile fatty acids (butyric, propionic, 
acetic and formic) were effective in inactivating T. m artin i. Inacti­
vation of T. m artin i, when submerged in solutions containing various 
combinations of the acids, showed a combination effect. At those 
concentrations extracted from  artific ia l culture, only those combi­
nations containing butyric acid were effective in inactivating T. 
m artin i in less  than one hour in water solutions and within 3-6 days 
in submerged soil. Inactivation of T. m artin i in m ixtures of the acids 
containing butyric acid at different m olar concentrations occurred 
sooner in the 2, 3 and 4 acid combinations than in the corresponding 
butyric acid controls of equal m olarity . Effectiveness of the acids 
in m ixtures in m ost cases were related  also to m olecular weights of 
the acid combinations. Butyric and propionic acid combinations, for 
example, were m ore effective than butyric and formic acid combina­
tions. The basis of enhanced activity of m ixtures of fatty acids 
against T. m artin i was undetermined.
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